Introduction
Magnetorelaxometry (MRX) is established as a powerful tool for the quantitative detection of magnetic nanoparticles (MNP) utilized in novel therapeutic modalities like magnetic drug targeting and magnetic hyperthermia. MRX measurements are applied at room temperature for quantification of MNP in blood and tissue samples. Since the MRX relaxation time depends on the MNP size, particles with less than about 17 nm diameter at room temperature decay too fast and are not detectable within the recording time window of present MRX devices. To circumvent this limitation we performed temperature dependent MRX measurements.
Methods
HeLa and Jurkat tumor cells were incubated with small iron oxide MNP, CD021110 (carboxy dextran coated preclinical MNP, Charité Berlin, d~ 4 nm) at varying concentrations. After 30 h, samples of about 10 6 cells were harvested. A conventional SQUID magnetometer was utilized for temperature dependent MRX between 5 K and 300 K. By normalization of the reference relaxation amplitudes to the amplitudes of the cell samples a straightforward quantification was carried out. For cross validation the cell samples and references were analyzed by M(H) measurements using the same device and by non-linear ac-susceptometry using an MPS spectrometer. Temperature dependent amplitudes were compared with reference data from individual MNP fractions with different diameters.
Results
The cell samples showed an iron uptake in the microgram range scaling with the MNP concentration during incubation. These results were confirmed by M(H) and MPS measurements. From the reference samples a detection limit of about 100 ng iron was estimated. Furthermore, size specific uptake of MNP by a biological system is expressed by a shift in the temperature dependence of the relaxation amplitudes.
Conclusion
Performing MRX measurements at lower temperatures allows the in-vitro quantification of MNP of smaller sizes with extremely short relaxation times at room temperature. A size specific cellular uptake of MNP can be quantified.
